[1] A comparison of modeled simulation results with in situ observations is presented in an effort to better understand the generation mechanism of short-burst radiation (AKR) observed in the Alfvénic acceleration region. The simulation is performed using a linear gyrofluid Alfvén model to generate propagating inertial Alfvén waves with a test particle scheme to study the behavior of electrons under the influence of waves. The observations are taken from the wave and plasma instruments on board the Fast Auroral Snapshot (FAST) satellite. We find that single-and multiple-electron shell distributions are produced as a result of parallel electric fields generated from inertial Alfvén waves. Electrons outside the loss cone are reflected back up the flux tube because of the mirror force forming electron conics. Distributions obtained from this simulation resemble the observed electron distributions in the Alfvénic auroral acceleration region where short-burst radiations were present. Multiple-shell distributions as well as electron conics are unstable, making them candidates for triggering the electron-cyclotron maser instability. Hence we suggest that these unstable distributions, resulting from the effects of inertial Alfvén wave, could be the source of the observed short-burst radiation in the terrestrial auroral zone magnetosphere-ionosphere coupling region. We also briefly discuss the application of this general mechanism to explain the Io-associated S-bursts observed emanating from the Jovian magnetosphere.
Introduction
[2] The existence of very short pulses in observed Jovian decametric emission (DAM) was first reported by Kraus [1956] and Gallet [1961] shortly after the discovery of the Jovian DAM emission [Burke and Franklin., 1955] . These pulses, the duration of which varies from 1 to 200 ms, were later called S-bursts (where S stands for ''short''). Since their discovery, numerous reports on the morphology and characteristics of S-bursts can be found in literature [e.g., Baart et al., 1966; Riihimaa, 1977; Desch et al., 1978; Ellis, 1980; Leblanc et al., 1980; Carr et al., 1983; Genova and Calvert, 1988; Dulk et al., 1992; Zarka et al., 1996; Queinnee and Zarka, 2001; Carr and Reyes, 1999] . Jovian S-bursts can be summarized by the following characteristics: (1) the reoccurrence rate is between $2 and 400 Hz over intervals of a few seconds, the most probable rate being 20 Hz [Carr and Reyes, 1999] ; (2) they are narrowband emissions, 10s of kHz; (3) the center frequency, typically $20 MHz, lies between a few to $30 MHz with a rapid frequency drift, typically $18 MHz/s; (4) S-bursts are strictly associated with Io-dependent emission sources coming mostly from the Io B region in the Io-Jupiter Central Meridian Longitude (CML) plane with observations also from Io A and C regions; and (5) they account for a relatively small fraction of the DAM emission: probably less than 10%. Alexander and Desch [1984] reported Jovian S-bursts occur $4% of the time according to their occurrence in Voyager's radio astronomy data.
[3] To date, the most successful explanation proposed for the generation of DAM is the electron-cyclotron maser [e.g., Melrose, 1976; Hewitt et al., 1981; LeQuéau, 1988] , in which radiation excited near the local electron-cyclotron frequency is amplified through a gyroresonant interaction [Melrose and Dulk, 1982] .
where w ce , g, s, and k k are electron-cyclotron frequency, Lorenz factor (1/ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi 1 À v 2 =c 2 p ), harmonic number, and parallel wave number, respectively. The condition w % sw ce /g ) jk k v k j is appropriate for electron-cyclotron instabilities which produce escaping radiation. The perpendicular-driven instability @f /@v ? > 0 is more favorable for the interpretation of naturally occurring cyclotron maser emission in space plasma [Melrose, 1986] . The same mechanism is also believed to power the terrestrial radio emission known as auroral kilometric radiation (AKR) [e.g., Wu and Lee, 1979; Melrose and Dulk, 1982; Hewitt et al., 1982] , as well as analogous radiation from the other magnetized outer planets [e.g., Zarka, 1992] .
[4] Gurnett [1974] found that AKR is originated from low altitudes (<3 R E ) in the auroral region where downgoing electrons are accelerated. Radio wave and ray-tracing analysis indicate that AKR is generated in regions of depleted plasma density near the electron-cyclotron frequency [Hilgers, 1992] ; hence it is assumed that the waves are generated from the free energy of the non-Maxwellian auroral electron distributions. One of the first widely accepted growth mechanisms was a loss cone instability with a weakly relativistic treatment [e.g., Wu and Lee, 1979] . This instability was coined the electron-cyclotron maser instability by Melrose and Dulk [1982] . A shell (or horseshoe) electron distribution produced by a parallel electric field was suggested to drive the strong electron-cyclotron emissions [Pritchett, 1984a [Pritchett, , 1984b Pritchett and Strangeway, 1985; Winglee and Pritchett, 1986] . Later, on the basis of Viking satellite observations, Louarn et al. [1990] suggested that the free energy for AKR wave growth comes from electron distributions and found that the loss cone distribution is insufficient to power AKR. Fast Auroral Snapshot (FAST) satellite observations within the AKR source regions [Ergun et al., , 2000b Delory et al., 1998; Strangeway et al., 1998 ] and numerical simulations [Pritchett et al., 1999 [Pritchett et al., , 2002 strongly suggested an important modification that the electron-cyclotron maser is driven by a shell instability in electron distributions directly produced by parallel electric fields.
[5] Two types of electron distributions associated with the cyclotron maser are illustrated in Figure 1 , where the dotted circles represent the resonance circles. The growth rate for the electron-cyclotron maser is derived by integrating @f/@v ? over a resonant surface (represented by a circle in two-dimensional plot). In this paper, we present multipleshell electron distributions generated by parallel electric fields associated with propagating inertial Alfvén waves instead of the typical shell distribution observed in a quasisteady upward current region.
[6] Recently, Ergun et al. [2006] reported an example of possible Earth-based short bursts detected by the FAST satellite at the polar cap boundary during a substorm expansion. Data from that particular satellite pass are shown in Figure 2 . The results of Ergun et al. serve to motivate the simulation investigation reported in this paper; hence we summarize the characteristics of Earth-based short-bursts here: (1) The radiation is weaker than normally observed AKR emissions; (2) The center frequency, $562 kHz, lies between 558 and 568 kHz ( rate is $10-18 Hz; (4) These emissions are associated with Alfvén accelerated electrons ( Figures 2a -2c) ; (5) Emission frequencies are above the local electron-cyclotron frequency indicating that they are generated $500 km below the satellite (Figure 2d ). Furthermore, Su et al. [2006] and Ergun et al. [2006] showed that eigenmodes of the ionospheric Alfvén resonators match the repetition frequency of S-bursts, suggesting a possible association between the two phenomena. Two possibilities of unstable electron distribution functions prompting the growth of these emissions were suggested by Ergun et al. [2006] , electron beams directed away from the planet or ''ring'' distributions generated from impulsive acceleration and mirroring. Comparisons made between the simulations presented in this paper, based on a gyrofluid Alfvén wave model, and electron distributions observed from the FAST satellite support the second possibility. It should be noted that this paper does not address the discreteness of short bursts.
Simulation and Data Comparison
[7] The data presented in this paper were obtained from the FAST satellite and are from the same event shown in the study of Ergun et al. [2006] . This data set consists of an electron energy-time spectrogram obtained from the electron electrostatic analyzer (EESA), the magnetic field perturbation perpendicular to the spacecraft trajectory obtained from the fluxgate magnetometer after subtracting out the International Geomagnetic Reference Field (IGRF) model field, the electric field measurement with frequency below 10 Hz ($local O + gyrofrequency) along the satellite track, and the electric field power spectral density obtained from Swept Frequency Analyzer (SFA). These are plotted, respectively, in Figures 2a -2d . During the time period from 16:49:58 to 16:50:02 UT, magnetic perturbations are observed simultaneously with electric-field perturbations, which is an indication of propagating Alfvén waves [Chaston et al., 1999; Su et al., 2001] . Electron bursts with a noticeable enhancement in energy and in energy flux are present in this Alfvén acceleration region. An expansion of the electric field power spectral density obtained from the high-resolution Plasma Wave Tracker (PWT) is plotted in Figure 2e . Narrow-band short-burst emissions can be seen, similar to those reported by Ergun et al. [2006] .
[8] The electron distributions plotted in Figure 3 were observed during the time period when short-burst AKR were present. Instead of plotting with a traditional phasespace density scale which emphasizes the cold background population, we have chosen to use a color bar indicating the level of energy flux to highlight the warmer magnetosphere population. Four types of electron distributions from FAST, single-shell, double-shell, and triple-shell electron distributions as well as electron conics are displayed, respectively, in Figures 3a, 3b, 3c , and 3d. It should be noted that the electron conic distribution in this paper was referred to as a ''ring'' distribution in the study of Ergun et al. [2006] , in which the distribution was plotted versus energy rather than velocity. Similar electron conics have been reported by other satellites as reviewed by André [1997, and references therein] .
[9] The simulation performed here is based on a gyrofluid simulation [Jones and Parker, 2003; Jones, 2004] with realistic temperature, density, and magnetic field strength profiles along the magnetic field line to model Alfvén waves. All parameters are the same as those described in the work of Su et al. [2004] . Test particles are injected into the simulated flux tube until reaching a steady state before launching Alfvén waves [Su et al., 2004] . In this paper, the goal is to simulate the mechanism that produces the electron distribution function unstable to the cyclotron maser instability and not the instability itself.
[10] In order to generate multiple-shell electron distributions, the simulation is initialized with electron-density perturbations of multiple Gaussian pulses near the upper boundary of the flux tube and then allowed to evolve in time. Each pulse is separated by 0.25 s. Because of the inertial effect, parallel electric fields arise self-consistently from the gyrofluid code. Time sequences of the test particles and parallel electric fields generated by propagating inertial Alfvén waves are shown in Figure 4 where the long-dashed lines represent the phase speed of the Alfvén wave and the arrows represent the propagating direction of pulses. The corresponding electron distribution functions at $3200 km altitude (that is, near the FAST satellite location) are plotted in Figure 5 . An original loss cone distribution is shown in Figure 5a prior to the Alfvén waves attaining this location (Figure 4a) . A portion of the electron distribution is energized by the parallel electric field of the inertial Alfvén wave in the downward direction (Figures 4b and 5b) . A single-shell distribution (Figure 5c ) is formed before the second and the third pulses reach the observational point (Figure 4c ). After the second pulse arrives (Figure 4d ), a double-shell electron distribution is formed, as indicated in Figure 5d , which resembles the FAST observed distribution shown in Figure 3b . A triple-shell electron distribution is shown in Figure 5e ; we note that it resembles the FAST observed distribution shown in Figure 3c . Electrons traveling parallel to the background magnetic field penetrate into the ionosphere without reflection, thereby forming a loss cone in the upward direction, while electrons outside the loss cone are mirrored back up along the flux tube. Finally, an electron conic (Figure 5f ) is formed from the mirrored particles, which resemble the observed distribution shown in Figure 3d .
[11] The negative drift rate of short bursts (from high to low frequencies in Figure 2e ) indicates that the source region was moving upward along the flux tube with decreasing local electron-cyclotron frequency. Hence a scenario of upward electron conics provides a more plausible explanation for such a negative drift. However, we can not rule out the possibility of shell distributions. The shell maser may be generated at various altitudes when the maser conditions are satisfied. This subject is left for future studies.
[12] It should be noted that the plots of observed distributions shown here are snapshots taken across magnetic field lines by the EESA instrument on board the FAST satellite. On the other hand, the simulation results present wave and particle signatures along the same field line. In addition, the source of radio emissions was estimated to be below the satellite trajectory; hence the electron distributions presented in Figure 3 might not be the ones causing the observed emissions in Figure 2e . It is assumed that similar electron distributions may exist in the source region. The assumption is justified from the model simulation by examining electron distributions at various altitudes (not shown here). The simulation provides one scenario of the physics of electron behaviors under the influence of propagating Alfvén waves, which appears to produce particle features similar to those observed by the FAST satellite.
Discussion and Conclusion
[13] Single-and multiple-shell electron distributions as well as electron conics are candidates for triggering electron-cyclotron maser instabilities which power radiations on all magnetized planets. Previous studies [e.g., Ergun et al., 1998 Ergun et al., , 2000b Delory et al., 1998; Strangeway et al., 1998] have suggested that the shell distribution generated by the parallel electric field in the quasi-steady upward current region is the source of AKR. This electron distribution is formed in an auroral density cavity between the two transition layers. Three distinct regions are separated by these two transition layers. The low-altitude region is dominated by the ionospheric plasma, while the highaltitude region is dominated by the magnetosphere population. The region in between, the auroral cavity, is dominated by ionospheric ions and magnetospheric electrons [Ergun et al., 2000a; Su et al., 2003] . From the comparison between the simulation results and the observational data, we suggest that unstable shell distribution functions may be generated by parallel electric fields associated with inertial Alfvén waves in a dynamic Alfvénic acceleration region. In addition, electrons outside the loss cone are reflected back up the flux tube because of the mirror force, forming a conic signature in the two-dimensional phase space, which is also an unstable distribution, as demonstrated in the original cyclotron maser theory work [e.g., Wu and Lee, 1979] . We note that in our simulation scheme, the waves and particles are not self-consistently coupled together; hence we are not able to determine the growth rate of the instability produced by unstable distributions. An electromagnetic-particle code would be required to study the growth rate. Such an investigation is beyond the scope of this paper and is left as a subject for future studies.
[14] In order for the weakly relativistic cyclotron maser instability to occur, one important condition is a low background plasma density, meaning that the ratio of plasma frequency and electron-cyclotron frequency should be less than 1, i.e., w pe /w ce ( 1 [e.g., Ergun et al., 2000b; Pritchett et al., 2002] . Such a condition can be satisfied in the auroral density cavity of a quasi-steady upward current region. The only Earth-based short-burst observation in the Alfvén acceleration region shown in this paper is obtained $500 km above the source region; hence we are unable to determine the source plasma density on the basis of this particular event.
[15] In studies of the Earth's auroral ionosphere, there is a considerable amount of interest in the properties of lowfrequency wave activity associated with field-aligned density depletions [e.g., Boehm et al., 1990; Louarn et al., 1994; Lundin et al., 1994] . In a laboratory experiment seeking to emulate conditions in the auroral ionosphere, Maggs and Morales [1996] showed that magnetic fluctuations identified as shear Alfvén waves have been found within a field-aligned density depletion. In the topside ionosphere ($1500 km), low-frequency electromagnetic fluctuations observed below the ion gyrofrequency (i.e., inertial Alfvén waves) by the Freja satellite are accompanied by plasma-density depletions [Stasiewicz et al., 1998 ]. Chaston et al. [2000] reported that at low altitudes ($1000 km), the cavities in which Alfvén waves are embedded are depleted and, in some cases, devoid of cold ionospheric plasma with dn/n $ 1.Using observations from the FAST satellite, Chaston et al. [2006] recently presented field and plasma observations above the dayside auroral oval showing the erosion of ionospheric plasma from the topside ionosphere by the action of Alfvén waves. There is observational evidence to suggest that the density depletion can be associated with Alfvén waves; hence the condition of the electron-cyclotron maser instability (w pe < w ce ) may be satisfied. In fact, an Alfvén wave source for AKR was suggested by Olsson et al. [2004] . We are suggesting here, however, that single-and multiple-shell distributions as well as electron conics generated by propagating Alfvén waves are the source of short-burst AKR.
[16] For electron acceleration, the Jupiter-Io interaction is somewhat analogous to the Earth's auroral region during a substorm . In the terrestrial case, magnetic reconnection can launch Alfvén waves along field lines threading the polar cap boundary. At Jupiter, Alfvén waves are generated when a flux tube of magnetospheric plasma sweeps through the Io interaction region. As these waves propagate down the magnetic field line and approach the planet's ionosphere, they accelerate electrons, causing the ''Alfvén aurora'' on Earth and the auroral emission at the Io magnetic footprint. On Earth, short-burst radiations are associated with Alfvén-accelerated electrons forming unstable distributions and triggering the electron-cyclotron maser; hence unstable multiple-shell distributions and electron conics generated by Alfvén waves are also suggested to be the emission source for Jovian S-bursts. The ratio of w pe /w ce based on natural ionospheric density profiles on Earth is rarely less than 0.1 except in the density cavity. However, at Jupiter, the condition of w pe /w ce is always satisfied above a few thousand kilometers up to $4 R J . The ratio of w pe /w ce at Jupiter is one order in magnitude smaller than that on Earth, which may explain the higher occurrence frequency of S-bursts at Jupiter. A statistical search of short-burst radiation on Earth is needed to provide the occurrence rate.
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